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Introduction
Head and neck squamous cell carcinomas (HNSCC) represent the sixth most common cancer worldwide [1, 2] . Today, HNSCC is considered curable when diagnosed early. However, almost 50 % of patients diagnosed with earlystage HNSCC will eventually recur or develop metastatic disease [3] . According to the American Joint Committee on Cancer (AJCC) staging manual, the most important prognostic factors in HNSCC are the location and tumor size, the presence of metastases in regional lymph nodes as well as the overall clinical status of the patient [3, 4] . HNSCC lesions are characterized by two distinct growth patterns: exophytic and endophytic [5] [6] [7] . Exophytic tumors grow out from the mucosal surface in cauliflowerlike clusters, and rapidly become symptomatic. Thus, these tumors are usually diagnosed earlier in the course of the disease. In contrast, endophytic tumors crawl under the mucosa, carpeting the interior of the larynx. The submucosal tumor is hidden from view and maybe quite extensive. This type of cancer is more difficult to diagnose, and consequently therapy of endophytic tumors is usually delayed as compared to exophytic tumors.
Numerous studies have suggested that the growth pattern of HNSCC may play a role in prognosis and responses to treatment in HNSCC [8] [9] [10] [11] . Investigating responses to chemotherapy of untreated patients with advanced HNSCC, Boheim et al. [12] reported that exophytic neoplasms responded better than those with the endophytic growth pattern. It also has been reported that the exophytic tumors are more sensitive to radiotherapy (RT) compared to endophytic tumors [13, 14] . Furthermore, it has been suggested that endophytic tumors have a higher propensity to metastasize to cervical lymph nodes than exophytic tumors [15] . In aggregate, these studies suggested that prognosis was less favorable for endophytic than exophytic HNSCC. In contrast, Nigauri et al. [16] reported that the pattern of tumor growth was not a useful prognostic factor in advanced HNSCC.
It appears that the role of the exophytic versus endophytic tumor growth pattern in prognosis and response to treatment of HNSCC remains debatable. Further, no information is available about immune cells infiltrating these two tumor types. Cells of the immune system can inhibit tumor growth and its progression through the recognition and elimination of malignant cells, and recent evidence suggests that tumor infiltration by CD4
? T cells may be associated with favorable disease outcome [17] [18] [19] . However, human tumors, including HNSCC, are also able to promote the generation and accumulation of immunosuppressive cells that block antitumor immunity [20] [21] [22] . Specifically, regulatory T cells (Treg) and myeloid derived suppressor cells (MDSC) which accumulate in human tumors and in the peripheral circulation down-regulate activities of CD4
? effector T cells, natural killer (NK) cells, dendritic cells (DC) and macrophages [23, 24] . Recent studies reported a higher frequency of Treg (CD4 ? CD25 high Foxp3 ? ) in the tumor tissue or peripheral blood in a variety of cancers, including HNSCC [23] . While some studies suggest that Treg accumulations in the tumor are associated with poor prognosis [25] , others demonstrate that the elevated CD8
? / Treg ratio correlates with prolonged survival [26] . Finally, the presence of DC (S-100, CD11c
? ) in the tumor was found to be associated with improved prognosis [27] . Accumulated evidence suggests tumor infiltrating immune cells are important for establishing prognosis.
In view of inconsistent literature reports, we considered the possibility that the tumor growth pattern could serve as a prognostic marker in patients with advanced HNSCC. In addition, we hypothesized that accumulations and nature of immune cells in the tumor were distinct in tumors with exophytic versus endophytic growth patterns. If so, then the composition and/or frequency of immune infiltrates could explain in part the different morphologies presented by these neoplasms. To the best of our knowledge, this is the first study reporting on the differences in the immune cell frequency and phenotype between exophytic and endophytic HNSCC.
Patients and methods

Patients
Patients with histologically confirmed, locally advanced HNSCC were seen in the Otolaryngology University Clinic in Poznan, Poland between 2006 and 2009. All patients signed the informed consent. Ethics Committee at the University of Medical Sciences in Poznan approved the use of specimens for research purposes (#116/2006). Patients were examined by two physicians and the diagnosis of HNSCC was confirmed by pathology. After visual and microscopic examinations, 36 patients were found to have exophytic and 24 endophytic tumors. 54/60 tumors were also localized in the larynx. Clinicopathologic and demographic data for the patients are listed in the Table 1 . Tumor samples for immunohistochemistry (IHC) were available from 30 patients. The clinicopathologic data for this patient subgroup were similar to those for the entire patient cohort (not shown). All patients were routinely scheduled for postoperative RT which was initiated within 4-6 weeks after surgery. None were treated with chemotherapy. A median total dose of radiation (60 Gy) was applied in daily fractions of 2 Gy to the primary tumor and the pathologically involved neck region, using 6 MV photons. Patients were seen every 3 months for the first 3 years after treatment and then every 6 months. The follow up included ENT physical examination and ultrasound of both neck sides performed at the time of each visit. The follow up time period ranged from 3 to 47 months. Response evaluation criteria in solid tumors (RECIST) were used for evaluation of the disease status.
Histopathology
The tumor specimens were fixed in 4 % formalin overnight, embedded in paraffin, sectioned and stained with hematoxylin and eosin (H&E). For each tumors H&E sections were available to differentiate tumor nests from the tumor stroma, density of inflammatory infiltrates and the localization of immune cells in tumor versus the tumor stroma. Stained sections of each tumor were examined by a pathologist. Among 36 exophytic tumors 24 were keratinizing and 12 non-keratinizing, while 24 endophytic tumors were equally divided into 12 keratinizing and 12 non-keratinizing types. The TNM staging categories were determined according to the AJCC/IUAC (2000) TNM Classification and Stage Grouping.
Microbiology
Smears for bacterial typing were taken from all patients during surgery. Bacterial flora in each tumor was determined in the Laboratory of Microbiology in Poznan, Poland using standard isolation and culture techniques.
Antibodies used and immunohistochemistry
Primary antibodies used for IHC are listed in Table 2 . Secondary biotynylated antibodies were included in the LSAB2 kit (DAKO). IHC was performed by the avidin-biotin complex (ABC) method as recommended by the manufacturer. Working dilutions for primary antibodies were determined in preliminary titration experiments performed with sections of human tonsils or appendix. Appendix and tonsils were also used as control tissues. In negative controls staging with primary antibodies was omitted. The IHC procedure and controls used in our laboratory for staining of paraffin sections was previously described [28] .
Immunohistochemical analysis
Sections were microscopically evaluated for expression of the following markers on tumor infiltrating cells: CD3, CD4, CD8, CD25, CD11c, CD11b, FOXP3, CD34, S100, HLA DR, TGF-b, IL-10, Arginase-1 (Arg-1). Samples were examined by two independent investigators (M.H.) and (G.D.). Positive cells (&650) were separately counted in the tumor stroma and in tumor nests at the mag. 4009, using five randomly selected high power fields (HPF), each encompassing an area of 0.2 mm 2 . Measurements were recorded as the number of positive cells per surface unit of The patients' clinical data were analyzed and correlated with the 4-year recurrence-free survival (RFS). The log rank test was used to examine survival differences. Correlations between expression of individual biomarkers as well as time RFS in patients with exophytic versus endophytic tumors were analyzed by the Spearman's rank correlation test. Hierarchical clustering of immune measurements was conducted for exploratory analysis of differential growth pattern influences.
Results
The tumor growth pattern and disease Figure 1 illustrates differences in appearance of tumors with exophytic versus endophytic growth pattern. Demographic and clinicopathologic features of patients with exophytic versus endophytic tumors were similar as listed in Table 1 . Histologically, 70 % of exophytic tumors were keratinizing versus 50 % of endophytic tumors (NSD). Although not significant, there was a trend toward higher N stages in endophytic tumors, with 76 % of these cases presenting with nodal involvement versus 64 % of patients with exophytic tumors. The only potentially significant differences were seen in the type of bacterial flora in the tumor, as exophytic tumors tended to yield mostly Gram ? bacterial isolates (i.e., streptococcus species) as shown in Table 3 . In terms of symptoms such as hoarsness, otalgia and obstruction or pain when swallowing, the two cohorts were comparable (Table 4) . At diagnosis, tumors were Fig. 1 Comparison between exophytic and endophytic type of tumor growth in microlaryngoscopy modo Kleinsasser. Exophytic tumors grow out from the mucosal surface in cauliflower-like clusters, while endophytic tumors crawl under the mucosa, carpeting the inferior of the distinct local structure Table 3 Characteristics of bacterial flora in tumors of the patients enrolled in this study (n = 60) Kind 
Gram negative
Pseudomonas aeruginosa
???
Prevotella bucae, P. den. ?
Klebsiella oxytoca ?
Gemella morbillorum ??
Morganella morganii, P. aerug.
??
Pasteurella multocida ? ?
Enterobacter cloacae ? found in the neck in 68-71 % of all cases, and the median time to seeking medical attention was 7 months for exophytic versus 13 months for endophytic tumors (NSD). The risk factors commonly associated with head and neck cancer development: age, sex, alcohol consumption and smoking were not different for patients with exophytic versus endophytic tumors. Among the cohort of 60 patients, nearly all were males whose median age was 60 years. The percent of patients older or younger than 60 years was similar for both cohorts (Table 1) . All the enrolled patients were smokers who used 21-136 pack years at the time of diagnosis. All were alcohol abusers who consumed 150-250 g ethanol per week. The HPV status of the patients was not determined.
Gram positive
Head and neck tumors are frequently positive for bacterial flora, and in this cohort of patients, 66 % of exophytic and 63 % of endophytic tumors were positive for bacteria ( Table 1 ). The former contained 39 more Gram ? bacteria than the latter ( Table 3 ). The bacterial isolates from exophytic tumors included a greater variety of Gram ? species and were positive for Candida ( Table 3 ).
The tumor growth pattern and prognosis
All 60 patients underwent surgical resection with a curative intent and were treated the SOC regimen of adjuvant radiation therapy. Among 54 patients with the known time to recurrence, 21 had tumor recurrence, all within 2 years, except for one patient who recurred at 40 months. The median follow up period for the 33 patients who were disease-free was 31 months after surgery (range 3-47 months). The tumor growth pattern was not associated with RFS (Fig. 2) .
Lymph node metastasis at the time of surgery proved to be a significant correlate of RFS for the entire cohort (p = 0.0295) as expected (Fig. 3a) . However, when we prepared Kaplan-Meier plots that cross the node status and the growth pattern, effects upon RFS appeared to be dictated by the node status and not the growth pattern (Fig. 3b) . Also, no significant differences in RFS were observed when exophytic versus endophytic tumors were compared with respect to tumor size or differentiation or patient's sex and age (data not shown).
The tumor growth pattern and immune cell infiltrates
In a subset of 30 patients, who did not differ from the other half of the cohort in respect to any of the dermatographic or clinicopathologic characteristics, we performed IHC on paraffin-embedded tumor specimens. An initial evaluation of H&E obtained sections revealed that endophytic tumors were characterized by more pronounced inflammatory infiltrates in the tumor stroma (Fig. 4) . These infiltrates in endophytic tumor stroma consisted largely of CD3
? CD8 ? T lymphocytes. Further, small blood vessels were more numerous in endophytic than exophytic tumors (Fig. 4) .
Immune characteristics of exophytic versus endophytic tumors
The IHC analysis of tumors obtained from a subgroup of 30 patients showed that immune cell infiltrates were more prominent in the tumor stroma than in the tumor nests (Fig. 5a ). Absolute numbers of immune cells positive for various markers were significantly higher in the tumor stroma than in tumor nests. CD3
? CD8 ? T lymphocytes many of which were CD25
? were more numerous in the stroma than in tumor nests. In contrast, fewer CD4
? T cells were present in these tumors and were equally distributed between the stroma and tumor nests. Of special interest, cells responsible for immune suppression (FOXP3 ? Treg, CD11b
? myeloid cells, TGF-b ? , IL-10 ? , Arg-1 ? ) were a predominant component of infiltrates into the tumor stroma and tumor nests (Fig. 5a ) of these tumors. Relatively few CD11c
? DC were observed. Comparing exophytic with endophytic tumors by IHC for numbers of immune cells in the tumor stroma versus tumor nests, we found no differences in the density and the cellular content of inflammatory infiltrates (Fig. 5b) . The only significant differences detected were in the absolute numbers of FOXP3
? and IL-10 ? immune cells. The former were more numerous in the tumor nests of many, but not all, endophytic tumors (Fig. 5b) , and the latter in the stroma of exophytic tumors. There were other quantitative differences in the phenotype of infiltrating cells observed between the two tumor types, but because of substantial immunologic heterogeneity within this small group of specimens, none were statistically significant (Fig. 5b) . ? , CD8 ? ), staining for CD34 ? cells indicates localization of blood vessels Fig. 3 Recurrence-free survival by nodal involvement and the tumor growth pattern. a Kaplan-Meier curves for RFS of HNSCC patients (n = 60) by their nodal status. b KaplanMeier curves for recurrence-free survival by the nodal status and the tumor growth pattern endophytic tumors (Fig. 6 ). This analysis revealed no significant differences in clustering of cells bearing the immunosuppression-associated markers in the stroma or nests of tumors with exophytic versus endophytic growth patterns.
Finally, despite the absence of significant evidence for qualitative and quantitative differences in tumor-infiltrating immune cells, we observed several interesting differences in tissue distribution of these cells. Specifically, as shown in Fig. 7 , there was a strong tendency for CD68
? macrophages to accumulate in tumor nests of exophytic tumors, while in endophytic, tumors these cells were largely found in the tumor stroma. In endophytic tumors, FOXP3 ? cells were not only more numerous in tumor nests but were localized to the periphery of tumor nests, while in exophytic tumors, these FOXP3
? Treg were fewer and randomly scattered throughout the stroma (Fig. 7) . These differences in distribution within the tumors of immune cell subsets involved in the regulation of anti-tumor immune responses suggest that exophytic and endophytic tumors might differently modulate localization and perhaps functions of infiltrating immune cells.
Discussion
Although HNSCC are considered to be a single histopathological entity, these carcinomas often behave differently. Not infrequently, tumors that have identical histopathology differ in their aggressiveness and clinical behavior [8, 29] . Differences in the tumor growth pattern or tumor anatomical location as well as the type and density of inflammatory infiltrates into the tumor might be some of the factors that determine its biologic behavior. The type of primary tumor growth pattern has been recognized as an important predictor for risk of nodal metastasis in some tumors, such as those of oral cavity, tongue and larynx [9, 10, 13] . Some of the earlier studies have suggested that endophytic tumors have worse prognosis than exophytic tumors [14, 30, 31] . Endophytic tumors tend to be diagnosed later than exophytic tumors, often are in a more advanced stage at the time treatment is initiated and thus have a worse prognosis. The goal of the present study was to evaluate the clinicopathologic characteristics of advanced-stage laryngeal carcinomas with the exophytic versus endophytic growth pattern and relate the clinicopathologic data with DFS after radiation therapy. The two cohorts comprised patients with exophytic and endophytic tumors in an equal number. The risk factors, demographic, pathologic and clinical data as well as therapies received were comparable in these two groups. The follow-up after therapy and tumor recurrence were carefully documented. The Kaplan-Meier analysis showed no significant difference in DFS between the two groups. Thus, patients with endophytic tumors, who were diagnosed later than those with exophytic tumors, tended to recur earlier. They also tended to have more advanced nodal involvement, a poor prognostic factor in HNSCC [3] . However, with respect to tumor size or differentiation exophytic and endophytic tumors were comparable. Interestingly, in the exophytic group, tumors contained Gram ? bacteria 39 more often than did endophytic tumors. This suggests that differences in the tumor microenvironment support distinct bacterial flora and thus contribute to molecular and metabolic pathways dominating in the tumor. Altogether, there were detectable differences in several characteristics between these tumors which, without reaching statistical significance, suggested to us that endophytic and exophytic tumors might represent biologically distinct entities.
It is well accepted today that tumors can shape their environment and control their own survival. Tumor infiltrating immune cells are an important component of the tumor microenvironment [19, 32] . Not surprisingly, more invasive and less well-differentiated tumors have the potential to create a strongly immunosuppressive microenvironment which promotes the generation of inducible regulatory T cells (iTreg) and MDSC. Accumulations of anti-tumor effector T cells in the tumor have been linked to improved survival in several types of human cancer, including HNSCC [19, 32] . Phenotypic and functional features of these immune cells are thought to influence tumor growth and progression [33] . We, therefore, compared immune infiltrates present in endophytic and exophytic tumors, expecting to find differences that could explain differential growth patterns these tumors assume. Surprisingly, the differences in the density and phenotype of infiltrating cells, while present, were by and large not statistically significant with few exceptions. Thus, endophytic tumors were more intensely infiltrated by CD8 ?
cells, concentrated FOXP3
? Treg to the tumor nests and confined the localization of activated CD68
? macrophages to the tumor stroma. Exophytic tumors, in contrast, had numerous activated CD68
? macrophages in tumor nests, Treg localized almost entirely to the tumor stroma and increased numbers of IL-10
? cells infiltrating the stroma.
These distinct localization patterns, seen in the vast majority of tumor samples examined, support the conclusion that immune responses are regulated differently in tumors with exophytic versus endophytic growth patterns. They also suggest that immunophenotypic features of these tumors might provide at least a partial explanation for differences in their biologic behavior. While the numbers of specimens compared in our study were relatively few, the immunologic data suggest a need for additional explorations of the interactions between the host immune system and the tumor growth pattern in patients with HNSCC.
